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1.0 INTRODUCTION

All Class | Waste Disposal Wells must demonstrate mechanical integrity as required by the
United States Environmental Protection Agency (USEPA) under the Underground Injection
Control (UIC) Program and the Michigan Department of Environmental Quality (MDEQ)
Mineral Well Act. The mechanical integrity tests (MITs) conducted July 17 through July 18,
2018 at the Environmental Geo-Technologies, LLC (EGT) Romulus, Michigan facility (Well
No. 1-12) demonstrated that "there is no significant leak in the casing, tubing or packer”,
that no evidence of flow exists behind pipe at the base of the casing strings, and that
injection zone pressures have not changed sufficiently from previous testing to warrant
further investigation.

This report summarizes the successful MIT activities performed at the Environmenial Geo-
Technologies, LLC (EGT) Romulus, Michigan facility. The work was performed as a
condition of the EGT UIC permits issued by the USEPA and MDEQ. All annual MIT
requirements for Well No. 1-12 were satisfied as a result of the work periormed. Annual
Part | requirements for Well No. 2-12 were satisfied as a result of the work performed.
Under contract, Petrotek Engineering Corporation developed the MIT procedures, provided
field supervision, provided pressure transient test and logging analysis and prepared the
final report documenting the MIT fieldwork on the Class | hazardous injection well located
at the Romulus facility.

The test procedures were submitied to the USEPA Region 5 office and the MDEQ field
inspector prior to field activities. In addition, field inspectors were notified by phone of the
scheduled MIT fieldwork to allow regulatory agency witnessing of the tests. Mr. Jack
Lanigan of the MDEQ was present io witness this tesiing. Approvals were received from
regulatory agency staff prior fo commencement of activities.

The MIT activities consisted of an annulus pressure test on both wells at the site along with
injection falloff test, static temperature survey, and a radioactive fracer survey (RTS) on
Well No. 1-12. Well No. 1-12 satisfactorily demonstrated mechanical integrity pursuant to
the EGT Underground Injection Control (UIC) permit, applicable guidelines and regulations.
Well No. 1-12 welibore and reservoir properties were confirmed as similar to those
determined from analysis of the previous testing conducied in the well.

t is noted that a successful APT was performed on Well No. 2-12, but during field

operations logging tocls were not able to be run to the botiom of the well. As discussed by
EG T with ZPA and MDEQ, well rehabilitation plans are currently underway which are
niended to allow additional mechanical integrity testing to be conducied on the well.
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2.0 MECHANICAL INTEGRITY TESTING

The year 2018 MIT activities on the EGT waste injection wells were supervised by Rich
Schildhouse of Petrotek. The MIT activities occurred July 17 through July 18, 2018. The
procedures followed in the tests were approved in advance by EPA and MDEQ
representatives and all tests were witnessed by Mr. Jack Lanigan of MDEQ. Appendix 1
presents approvals and test procedures. Figure 1 and 1a present wellbore diagrams
illustrating the configuration of the wells during testing activities. Note that no changes to
the subsurface wellbore configuration were made to the wells at the time of testing during
2018 or since MIT activities were last completed in 2017.

Part I: Internal Mechanical Integrity

Well No. 1-12

On July 17,2018 the annulus of Well No. 1-12 was pressured up to 970.0 psi. A calibrated
digital pressure gauge (Rosemount 2,000 psi, SN-10000096) supplied by EGT was
installed on the annulus at the welljhweadmﬁAﬁer the well was isolated from the surface
annulus for a period of one hmo minute intervals. During the 60-minute test period,
the pressure decreased by 3.0 psi, which is a 0.3% change. Since a change of 3% or
(29.1 psi) of the test pressure is allowable, this test is within acceptable specifications. A
copy of the field measurements of the annular pressure test resulis recorded on the MDEQ
annulus pressure fest summary are included as Appendix 2. Appendix 3 presents a copy
of the gauge ceriification. Subsequent to the completion of the test, the annulus tank valve
was opened and pressure in the annulus sysitem was lowered by 440 psi and a rise in
annulus fluid level of approximately 9.35 gallons was observed. Well No. 1-12 pressures
were observed as follows during testing.

TABLE 1
STATIC ANNULUS PRESSURE TEST MEASUREMENTS

WELL NO. 1-12 (JULY 17, 2018)
EGT, ROMULUS, MICHIGAN

Time, 0 10 20 30 40 50 80
Minuies
Pressure, psi | 970 | 968 | 988 | 967 | 967 | 967 | 987
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Well No. 2-12

On July 17, 2018 the annulus of Well No. 2-12 was pressured up to 970.0 psi. A calibrated
digital pressure gauge (Rosemount 2,000 psi, SN-620406) supplied by EGT was installed
on the annulus at the wellhead. After the well was isclaied from the surface equipment,
Petrotek and the MDEQ inspector monitored static annulus pressure or the well annulus for
a period of one hour at 10-minute intervals. During the 60-minute test period, the pressure
decreased by 19.0 psi, which is a 2.1% change. Since a change of 3% or (26.8 psi) of the
test pressure is allowable, this test is within acceptable specifications. A copy of the field
measurements of the annular pressure test resulis recorded on the MDEQ annulus
pressure test summary are included as Appendix 2. Appendix 3 presents a copy of the
gauge certification. Subsequent to the completion of the test, the annulus tank vaive was
opened and pressure in the annulus system was lowered by 444 psi and a rise in annulus

fluid level of approximately 9.35 gallons was observed. Well No. 2-12 pressures were
observed as follows during testing.

TABLE 2
STATIC ANNULUS PRESSURE TEST MEASUREMENTS

~WELL NO. 2-12 (JULY 17, 2018)
 EGT, ROMULUS, MICHIGAN

Time, 0 10 20 30 40 50 80
Minutes

Part il: External Mechanical Integrily

Radioactive Tracer Survey - The primary purpose of an RTS Survey is to verify the
adequacy of the botiomhole cement surrounding the base of a long string casing. An RTS
log was conducted on EGT Well #1-12 in accordance with the approved MIT testing
procedures submitted to MDEQ and EPA prior to commencement of field activities and are
consistent with USEPA Region S guidance documents periaining to mechanical integrity

tseling.




f east 100 feet below casing shoe to a depth of not less than approximately 4,200
feet KB if attainable based on wellbore u@ﬁd ons and pull base log a minimum of
depth of 3,093 feet KB, or shallower. Run a minimum of one five-minute statistical

log in two different lithologies (3,955 and 3,802 feet KB).

D. Start or continue or injection using waier at approximately 15 - 50 gpm. Release the
first slug in the tubing at a depth above the packer and observe the movementas it
passes the lower detector. Record the movement of the slug by repeatedly moving
the tool down hole and making a series of overlapping passes as the slug dissipates
into the openhole formation.

E. Continue to monitor the slug uniil there is no indication that it is moving up behind
the long string casing.

F. Pull tools into the tubing and release a slug at approximately 3,750 feet KB while
injecting. RIH and position the boitom gamma-ray detector at a depth of
approximately 4,080 feet KB. Leave the iool stationary and record the log in time
drive for 30 minutes while continuing to inject. Run a final base log. At the
conclusion of the test, rig down wireline and support equipment.

A copy of the field recorded radioactive tracer survey log in paper form are included as
Attachment 1 of this document. Attachment 4 provides digital copies.

Well No.1-12 - RTS

On July 17, 2018, a radioactive iracer (RTS) was performed on Well #1-12. Depths were
correlated to past logs and well configuration, and a gamma-ray base log was run from

‘approximately 4,405 feet to 2,080 feet and five-minute statistical logs were run with the top

detecior at 3,796 feet and at 3,949 feet. The bottom detector was 5 feet below the top
detector at each station. Using the site equipment, fluid was then injected at approximately
32 gallons per minute at 542 psi at surface. A small amount of radicactive material leaked
out of the detector just below the packer at about 4,060 feet. This did not cause any
difficulty interpreting the log nor did it invalidate the conclusions of the interpreters. The tool
was positioned at a depth of 3,100 feet and a slug was released to begin the chase series.
A total of 13 passes were run and the slug was obsevcd to enter the injection interval
below the casing shoe at 4,080 fsei. The ¢ racer materials all moved info the injection
interval and there was no indication v’am/ significant movement above the casing shoes or
above the fop of the injection interval or injection zons.
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A final base log was then run with a majority of the residual tracer deiecied from
approximately 4,246 to 4,404 feet and the log was approved by the MDEQ field inspecior.
A paper copy of the log is provided as Attachment 1 and a PDF copy of the log is provided
as Attachment 4.

Well No. 1-12 - Static Temperature Survey

Atemperature survey was run on July 7, 2018 siarting at 9:38 am. The temperature sensor
was calibrated by immersing it in buckets of known temperature water at the surface prior
to running in hole. The tool stopped recording at 4,250 feet KB. The end of the injection
tail pipe in well No. 1-12 is set at 4,055 feet. EPA approved procedures for performing a
static temperature survey indicate that the test will be run fo 100 feet below the botiom of
the tailpipe, therefore this test was sufficient to show mechanical integrity. Analysis of the
Static temperature survey log (Attachment 1) shows no indication of fluid injection or
movement above the permitted injection interval.

Well No. 2-12 = RTS and Static Temperature Survey

It is noted that a successful APT was periormed on Well No. 2-12, but during field
operations logging tools were not able to be run to the bottom of the well. As discussed by
EGT with EPA and MDEQ, well rehabilitation plans are currenfly underway which are
intended fo allow additional mechanical integrity testing to be conducied on the well.
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Injection-falloi¥ pressure transient data were collected from EGT, Well No. 1-12 at the
Romulus, Michigan site July 17-18, 2018. The year 2018 annual reservoir testing was
supervised by Rich Schildhouse of Petrotek. Parameters supplied for the Mt. Simon
injection interval and the test synopsis are summarized in Attachment 3. Raw data
collected by J.O. Well Service are provided as Attachment 4. A J. 0. Well Service quariz
gauge was utilized to acquire botternhole pressure data. Downhole gauge calibration
information is presented as Appendix 4 of this document.

Testinjection began at 16:08 on July 17, 2018. Within approximately one minute, a stable
injection rate of approximately 32.1 gallons per minute (gpm) was achieved. At 19:23, a six
minute break in injection occurred, while facility personnel performed a valve replacement
at the wellhead to allow the test to progress. Injection resumed at 19:29, and immediately
stabilized to an average rate of 32.25 gpm over the next 1.5 hours. At approximately 20:84,
the tool assembly was set at the test depth of 3,937 feet BGL (3,950’ RKB) while injection
continued. The offset Well No. 2-12 had been shut-in since August, 2017 and was not
operated during the Well No. 1-12 injection or falloff data collection period. Bottomhole
injection pressure and temperature were recorded for approximately 8.5 hours prior to start
of the falloff test. An average boitomhole injection pressure of 2,300 psig ai 3,950 feet RKB
(3,9377 BGL) at an average flow rate of approximately 31.6 gpm was recorded during the
final one-hour injection period prior to falloff tesiing.

Well No. 1-12 was shut-in at approximately 04:25 on July 18, 2018 by stopping the
injection pump while concurrently closing the wellhead valve and pump-house valves.
Shut-in was completed within several minutes. Over the final several minutes of flow, rate
dropped from 32.5 gpm to 26.7 gpm. Final flow rate was 26 68 gom (914.1 bpd) and final
bottomhole pressure at shui-in was 2,288.61 psig.

After shut-in of Well No. 1-12, pressure falloff in the injection interval was recorded for
appmx'maieﬁy 8.5 hours after Well No. 1-12 injection was siopped. Pressure had declined
ic a minimum of appm;{umaacly 1,798.7 psig by the end of ihe test. Injection and falloff
pressures appear to be of similar magnitude to values measured in previous tesis. Afthe
end of the tesi, static gradient 'ﬁdps made as the tool was pulled from the the well
indicated a fluid gradient of approximately 0.423 psifft.
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For testing during 2018, a'ﬁzes\wsr@ determined based on on-site monitoring @qu ipment. A
value of 0.798 ceniipoise wa ined as a representative viscosity of the fluids through
which the pressure 'ﬁ:aanséent nalyzed in this test traveled based on previous analyses.

The following figures have been preparad to examine and analyze the pressure transient
data collected from EGT Well No. 1-12 during 2018 reservoir iesting. These include:
Figures 2 - Cartesian Plot of Pressure, Temperature and Rate vs. Time; Figure 3 -
Cartesian Plot of Pressure Falloff; Figure 4 - Radial Flow Deﬁvai‘ve/ﬁ_mg log Plot (Dp vs.
D1): Figure 5 - Radial Flow Semilog/Horner Plot of Pressure Falloff; Figure 6 - Composite
Model Test Rate History and Pressure Match; Figure 7 - Composite Model Derivative
Match; and Figure 8 - Composite Model Semilog/Hormer Maich. Attachment 4 includes a
digital copy of the falloff pressure data.

Figure 2 is chronological plot of pressure and rate data collected with the bottomhole
pressure gauge, and flow data collected with the plant monitoring equipment for the entire
duration of the test on Well No. 1-12. Figure 3 is an expanded Cartesian plot of the
downhole data during the falloff test. 1t is evident from examination of the log-log plot
(Figure 4) that very early time data are dominated by wellbore storage. Soon after, the
slope of both the pressure and pressure derivative decrease during a period that is
dominated by changing wellbore storage. No square root pseudo-slopes are apparent in
the test. Examination of Figure 4 shows that after a time of approximately 1 hour, the
middle time data collecied appear to be starting to transition into radial flow in the injection
zone.

Assuming a single well in an infinite reservoir, a permeability-thickness of approximately
9,488 md-ft and a P* value of 1,804 psia (3,937’ BGL) are derived. Atthe end of the falloff,
pressure had decayed to a value of approximately 1,809 psia. For an effective reservoir
thickness of 133 feet, a permeability of 71.3 md is derived. A skin factor of 37.8 is derived
in this analysis.

The Semi-log Horner Plot presented as Figure 5 shows the period of possible radial flow
consistent with the diagnostic plots. As noted on page 18 of the SPE Well Testing
Textbook by Lee (1982), pseudo-producing time tp, was assigned for the Horner analysis
by dividing the cumulative injection into the well during the test by the final test flow rate
before shut-in. Based on a test period injection into Well No. 1-12 of approximately 574
barrels since the most recent shut-in before the test and a final rate of 26.66 gpm, ip is
equal to 15.07 hours. Figures 6, 7 and 8 present analysis of the data generated with a

radial flow model. A permeability-th ‘E ickness of approximaiely 9,394 md-f and a P* value of
[,804 psia (3,937 BGL) are derived. At the end of the falloff, pressure ha c% decayed fo a
value of approximaiely ’ﬂ 809 psia (1, /36 9 g“»csg) Foran e‘m%‘vc reservoir thickness of
133 feet, an average permeabili y~§'7’® 84 md is derived from the sim UE@EOH A skin factor
of 37.2 is in this znalysis. '% E”s ca%ys 'ﬁ nwfr atypical as compared with
permeabilit ist at som: ore and the large skin value is
consisteni
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f@%ﬁ uecﬁ w zE respect to this festing. Appropriate graphs o
‘ es 5 through 8, which clearly show the relationship of pressure,
with a simulation analysis

Resulis are reasonably consistent with values observed locally for the Mt Simon
Formation. In summary, standard indusiry data collection and analysis procedures were
of the data are provided as

te

emperature and time

TABLE 2
HISTORICAL RESERVOIR PRESSURE MEASUREMENTS
EGT, ROMULUS, MICHIGAN - WELL NO. 1-12

Gauge Kh K Final Shut-in
Well 1D Date Depth (md-t) (md) Skin P* (psig) | Pressure (psig)
{feet KB) @ Gauge Depth
1-12 2015 3,850 20,216 152 84 1,773 1,774.9
1-12 2016 3,950 22,225 165 41 1,755 1,761.3
1-12 2017 3,950 14,160 106 44 1,792 1,794.0
1-12 2018 3,950 9,488 71 37 1,804 1,796.7

Site well performance continues to be influenced by skin damage and reduced effective
permeability-thickness communicating to the wellbore. If skin increases or near wellbore
permeability decreases, well injectivity will tend to decrease. At this time, a majority of the
pressure buildup during injection is due to skin damage and near wellbore permeability
restrictions. This accounts for a majority of the pressure rise currently observed during
injection operations. If it were econormically or technically practical to eliminate the skin, the
formation could have the capability to accept fluid at higher injection rates with a lower
wellhead pressure.

The objective of the annual reservoir testing was to identify significant injectivity changes or
new wellbore problems and to confirm that formation properties and pressures have not
changed significantly from those expected. These goals were successfully achieved and no
significant concerns relevant to continued operation, safety or containment were identified.
The current EGT data acquisition and wellhead injection pressure monitoring practices will
provide indications of injectivity changes and are sufficient to ensure continued operation at
permitted injection pressures. This testing and analysis confirms thaithe EGT, Well No. 1-
12 at Romulus and the disposal reservoir remains suitable for continued disposal use

Reszivoir Tesiing Page 3-3




KB 13’
GL 0
Conductor Casing: 20"0.D,, 94 lb/ft, Set @ 119'KB/MD,
119'KB/TVD in 24" Hole and Cemented to Surface.
Surface Casing: 13 3/8"0.D., 48 lb/ft, H-40 Set @ 396’ KB/MD,
Base of USDW — 396'KB/TVD in 17 1/2" Hole and Cemented to Surface.
374" GL/TVD
387’ KB/TVD
Intermediate Casing: 9 5/8", 0.D., 36 Ib/ft, J-55 Set @ 824"
KB/MD, 824'KB/TVD in 12 1/4"Hole and Cemented to Surface.
Long String Casing: 7, O.D., 26 lb/ft, J-55 Set @ 4,080"
Kick-off Point — : KB/MD, 3,984’ KB/TVD in 8 3/4"Hole and Cemented to Surface.

1,481" GL/TVD
1,494' KB/TVD
1,494" KB/MD

Injection Tubing: 4 1/2" O.D. Fiberglass

! D, 3,955'KB/TVD
Top of Confining Zone — Rl T Rt BRet

2,364' GL/TVD
2,377' KB/TVD
2,409" KB/MD

Annulus Fluid: Oil Based Fluid.

Top of Injection Zone —
3,369" GL/TVD
3,382’ KB/TVD =
3,467 KB/MD | - L

Packer & Seal Assembly: 4 1/2"x 7" GPS Packer, Top @ 4,050’
KB/MD, 3,955 KB/TVD, Bottom @ 4,055'KB/MD, 3,960’ KB/TVD.

Diesel Pad under Packer

: Top of Fill @ 4,405 KB/MD (July 7,2018)

Top of Injection Interval __ |-
3,937' GL/TVD 2 =
3,950’ KB/TVD ) 3 i Environmental GEO-Technologies
4,045" KB/MD

Romulus, Michigan

Figure 1

Wellbore Diagrarm, Well No.1-12
2018 EGT No.1-12 MIT Report
Scale: NTS Date: August 2018
2018_EGT_No1-12_Wellbore.ai |By: KRS LChecked: RHP

TD4,522" GL/TVD __
4,535' KB/TVD
4,645" KB/MD Nota:

True bottom of Well is 211" South & 754' West of surface location.

. 3835 South Zang Street. Suite 200
Ground Level Elevation 626.6' palroief Lildsajeemaeaics (s
j 290.

From: WSP / Parsons Brnu\erhoﬁ’, 09/2016 Figure 6
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Environmental Geo-Technologies, LLC
Well #1-12
July 17-18, 2018

Figure 2 - Cartesian Plot of Pressure, Temperature and Rate vs. Time
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Environmental Geo-Technologies, LLC Figure 3 - Cariesian Plot of Pressure Falloff
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Environmental Geo-Technologies, LLG Figure 4 - Radial Flow Derivative/Log-log Plot (Dp vs. Dt)
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Enviropmental Geo-Teehhologles, LLC Figure 5 - Radial Flow Semilog Horner Plot of Pressure Falloff
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Environmental Ges-Tachnohoples, LLE Figure 6 - Homogeneous Model Test Rate History and Pressure Match
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Fnvironmental Geo-Technologies, LL.C
Well #1-12

July 17-18, 2018 Model - Derivative

Figure 7 - Homogeneous Model - Derivative Match
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Environmenital Geo-Technologies, LLC Figure 8 - Homogeneous Model — Semilog Horner Match
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7 JEnvironmental GEO-Technologies

SENT VIA EMAIL and US MAIL

June 14, 2018

Mr. Stephen Jann

US EPA, Region 5

UIC Section, (WU-16J)

77 West Jackson Boulevard
Chicago, lllinois 60604-3590
jann.stephen@epa.gov

Mr. Ray Vugrinovich

Michigan Department of Environmental Quality
Constitution Hall

525 West Allegan Street, South Tower, 1st Floor
Lansing, M| 48933

vugrinovichr@michigan.gov

RE: Environmental Geo-Technologies, LLC — Romulus, Michigan
2018 MIT Notification Well #1-12 and #2-12
(UIC Permits: MI-163-1W-C010, MI-63-1W-C011)

Dear Mr. Jann and Mr. Vugrinovich:

Please accept this letter as notice that Environmental Geo-Technologies, LLC (“EGT")
will be conducting annual mechanical integrity testing at the Romulus, Michigan Facility
during the week of July 16, 2018. Included with this letter are proposed procedures for
conducting the proposed MIT activities. They are based on applicable Region 5 input
and procedures that have been approved and successfully utilized in past years at the
site. EGT will be utilizing Petrotek Corporation to complete this testing and requests that
EPA and MDEQ accept additional communications directly from Petroiek regarding
logistics for this MIT project as may be needed to complete the project. All
communication with our technical consultant regarding this matter should be copied to
my attention.

_,C! has tentatively scheduled Petrotek to complete the required MIT activities during
the period of July 16 - 20, 2018 in order to comply with annual deadlines, but the
QCh\,d ule may be altered based on vendor and inspector availability. Injection falloff
tests, annulus pressure tests, radioactive tracer logs and static temperature logs are
scheduled to be performed on esach of the two wells per the applicable annual
P 734-946-1000 F 734-246-1022 — 28470 Citrin Crive, Romulus, Michigan 48174 wwwi.envgeotech.com



EGT Romulus, Ml - 2018 MIT Motice

ing iz intended to =atisfy all mechanical intagrity
lining compliance for this vear.

e

At your @omﬂsnws ce, please advise us regarding EPA and MDEQ g ns for regulatory
# ing of the f@f?% VIT achivities 2o that we can coordinate with the UIC field

] s
"*L:ea::fﬁ 3 regarding availability. Please do neot hesitate o contact me ,,ai 734-946-1000
oF m,sfs u@uhﬁ“ﬁ cal con wﬁ aamf ek

(303) 290-

g
s}
O
[

coper of Richard Schildhouse at Pefrole
rding this notice.

£,

=]

Ensfitonmen
J/E‘m Frost
Ceneral Manager

cc:  Zachary Stevizon - USEPA Region 5
Lz%% Paren vhno - USEPA Region 5
Lilly Simmons - USEPA Region §
Stafford Dusenbury - MDEQ
Richard Schildhsuse - Patroizk

I

i
Ken Coopar - Pairoisk

Fa)

2 734-928-1000 F 734-948-1022 — 28470 Citrin Crive, Rorrulus, Michigan 48174 WWW,aNVEeo.ech.com
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inau re that well 1o bs testad has bean shut-in for & minimum of 38 hours. Record
i Mmr‘u 15 tank level and pressure. Record tubing injsction prassure.

h

install certified iest pressure gauge on annulus valvefiest port.

Fressurize wall annulus and annulus fank fo +/-873 to +/-825 psi with nitrogen
and isolate annulus. To snsure personnel safety nd environmenta! protection,
do not exceed nommal epeiauug gressure je without veruf cation of annulus
tank relisf valve and other surface equipment ratings/conditio

ai
W

Allow annulus pressure to siabilize. The annulus may need to be pressurized
and bled-off several times fo ensure an absance of gas. Minimum specified
annuius pressurs listed in 1A must be maintained throughout one-hour test
consistent with prior testing.

Isolate annulus prassure iank and nitrogen supply frorm wellhead and izst

LQ

auge.

Mon and racord annulus pressure for one (1) hour at a minimum of ten {10)
m ﬂLfC‘ increments or as otherwise insiructed by ‘vguéatory nspe ctor with weé
shut-in. Pressure may not fluctuate more tharn 3% during the one-hour fest.

uhs tank fo communicate to walhead. Nole annulus
tank leve Lcﬁ pres sa =3 geded, blzed annulus to normel operating pressure
Nete final annulus level and pressure to verily communication with well am ws
Contuct any ;;nrual alarm testing requesied by agency representative.

Open valves io allow ani
ﬂ =

il
B.,s

Reiurin monitering and annulus system fo service and returm well o operator
eonirol.

Provide cony of test
Provide copy of

3

caliyration data o

mornihs old) to inspector cn-siie.
riified 2nnulus pressure gauge

Conduct sefety rigiings, varity welihead conditions and rig-up bricaisr on test
Wk,

1.

ey thal we es ec has bzen shel in for & minimum of 3
Condugt buckst isst varificeidon of lemperature icgging ool opsraticns &
surface ten ‘ce weter by cawparizon of (ool femesrsinrs ouiput to

Tim d e .
nozpenda

omaian,




2018 Epvironments! Geo-Tachnologies
Ramulus, Michigan Annusl MIT Procadurss
Juna 12, 2013

Page 2 of 4

. Rig-up prassure control equipment and temperaturs ool with gamma-ray and/or
coliar | m;or,

0. Run tool downhele &t not more than zn average speed of not grea ta" inan 30 feet
per minute. Run log to at lzast 100 foot below bottom of tall pipe 1o & minimum
depth of approximately 4,846 feet KB n Weall #1-12 and 4,550 .«eet E\E in Well #2-
12 as practical based on welibore conditions.  Corrslate log to existing logs
ising natural gamma-ray responses, casing collar locator andfor kaown packer
satfing depth

E. Compare log to previous log(s) run i well of interest. Preseni tsmperalure data
on 17 and 5" per 100" scales

F. If anomalies relevant io identifving potential upward flow out o: the injection zons
arg indicated, run repeat log ssction, andfor run sdditional temperature log at
subsequent shut-in time per guidance and/or gerform additional logging near
depth of anomaly. -

. Rig down gquigment and return to standby or prepare for addiiiona! testing.

H. Submit both paper and electronic records of log data with analysis report.

Fadicastive Tracaer Survey (RTE Logging} — Well Nos. 1-12 and 2-12

A Conduct safety briefings, veilly welihead conditions and rig-un lubricator on test
weeli,

B, Run in well with RTS tool with collar locator and locate gamima-ray deisclor
balow injector port on tocl. lodineg 131 to bs used as tresce .

C. Correlate to exiefing logs (noting Kelly Bushing), Correlate RTES log o Jacker
andfor natural gamma ray reeponses. Locate vctmm i§ weell if practical or run o
=t leasi 100 foet below casing sheoe fo 3 depth of not less than cpgvrex‘rmi'gly
4,200 fest KB i ailainable haszsd on wellbore co,ad.ions and pull base log 2
minimum of depth of 3,083 fest KB, or shallower.

£, Rur a minimum of onz five-minute staiistical log in two

(aa proximeie depths for ‘133'.. i detector +~ 20 fzet: Well
502 feet KB, Wall #2-12 — 3,855 and 3,800 22t KB).

i

Llcrt oF ﬂow it le cliion 21 a raie that the cpe;ctcr is able to irack the sluy
it on disld aupehm - chsarveiion and udgement of
likelv io be > 30 g
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2048 Envircnmental Geo-Tachnologies
Rarul [\/FGs.chanmﬂﬂv ual MIT Procedures
June 12, 2018

Page 3 of 4

~ 3,780 fest KB). Move tool downhole and afier catching the sfucz 1 the n.ﬁaing ai
least wice, attempt to posilion the detector near ih@ infection tubking iail. Once

the slug is defecied at the twubing fail, record h: movam ieni of the sEug by
repeatedly moving the fool down-hole and making & series of up-hole,
overlapping passes as i 12 slug dissipates into the | %CC tion formation. Five o
gight passes as E!-i% ined by the field supervisor may be ﬁ"cﬁssar\; to
complets the chase sencs Note the top depth reachad by the slug during the
tesling

Conitinua to moniter the slug untl it is dissipating into the Injection zone. If a split
ocours, monitor the upward moving slug unfil it is dissipaling.

After the chase seriss is complete, pull fools inio the tubing and relezse a slug at
approximately 3,750 feet KB while injecting. RIH and position the bottom
gamma-ray detector at a dapth of approximately 4,080 feet KB (+/- 5 festl) in Well
#1-12 =nd a depth of approximately 3,977 feet KB (+/- 5 feel) in Well #2-1Z or as

required by we!l conditions. Leave the fool stationary and record the log in time
dﬂV° for & minimum of 30 minutes while continuing o inject.

After the time drive log is complets, iun a finzl base log from bottom up over
aoprodimately the same inierval @s initizl base log was . Excesding any
minimum target standard identifiad in this crocadure will he accepiable

Al the conclusion of the fast, rig-down wireline RTS tools and support equipmert
and return to siandby or prepare for additicnal tasiing.

Subimit both paper and electronic racords of log data with analvals report.

fnjection Fallsd

inject into test wall for a minimum of 12 hours prior fo planned fallofi. Aitempt to
‘nain tcﬂ n sn approximaisly sishilized rate (+/-25%) &t approximately 13 to 40 gpim
¢ praciical.

e sm.r't—m or epproyimaialy stabilized vate injeciion rale Into offsel {(non-igst)
we!v 5 minimum of 4 hours prior o plenned shut-in Tortest wall fellol

Record rzie snd orsssive jor both wels using suisiing monitoring

agipmsant.

Cencuct saifely ovefings, varly stehblized rate ivie zelive wsi(s) anc rig-up
chriceter o1 ies wel,

i witsiing comeved DressSLE rESECUsE”
3 ¥ oarsgise) @ riirum of £ acure e e
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Zz{18 Envirenmentsl Geo-Technologies
Romulus, Michigen Annval MIT Procedures
Juna 12, 2018

Page 4 of 4

minimum of B-second intervals for @ minimum of S-minutes prior to shul-in and
during Tall-off tast period,

Shut-in imjact' i pump as quéc kly as practical and fully close all valves 1o isolate
test wall from injecting well (if active).

Continue monitering bollomhole pressures for a minimuwm of 8 hours.  After
tesiing is complete, conduct four stﬁ,c g radient urvev stops as the tool is pulled
from well, Also rscord final gradient at wellhead in lubricaior. Rscord static
pressure and femperature data for a minimum of three (3) minutes =t each
gradient stop.

Submit both paper and electronic records of bottombiols pressure data along with
downhole pressure tfransducsr calibration information with analysis report.




BACKGROUND INF 1 FOR ANALYSIS OF PRESSURE FALL-OFF TEST

H1TY NAME OPERATOR
Environmenial Geo-Tachnologies, LLG
USEPA FERMIT MUMBER STATE PERMIT RUMBER
Mi-163-1W-C010 , WM-452
TeST EMD DATE .
July 19, 2018
GEOLOGICAL DATA .
SIEDSITY, decimal NET PERMEABLE THICENESS, /. VISCOSITY, cp. COMPRESSIBILITY, perpsl total
0.1} 133 ft 0.798 cP 17.7136 x 10°° (1/psi)
WELL AND OPERATION DATA
[OFTGSTRING CASING DIAMETER, MSFINAL PRETEST FLOW RATE, gpm TNJECTATE TEMPERATURE, deg.F [KB ELEVATION R
7.000 26.66 gpm 76 deg. F. 626.5
oFEN HOLE DIAMTER, ins PRETEST FLOW TIME, hrs. SEE BELOW INJECTATE SPECIFIC GRAVITY TTEST DEFTH FOR COMPARISON, it
8.75 12 brs 1.0 3,950 ft
CAUGEDEFTH, R ) UMUTATIVE VOLUNE NIECTED SINGE [AST PRESSURE EQUALIZATION,
3,950 ft . 557 bbls
TEST DATA
GAUGE CALIBRATION DATE
Feb 24, 2018 7 .
FLOW RATE, gpm PRESSURE AT BEGINNING OF FALL-OFF, p|PRESSURE AT END CF FALL-OFF, psfTO SUPPORT FULL COLUMN, psi
26.66 gpm 2,288.6 psi 1,796.7 psi 1,710.35 psi
TESTTENGTH, Frs. TFITIAL GRADIENT, it ENAL SRADIENT, P, FINAL FLOW LEVEL, .
8.5 hrs 0.579 psi/ft 0.454 psi/ft 0 feet, BGL
REMEMBER ‘

"Pre-test flow time” is the time since the reservoir was last in equilibrium. This may be the time since
the well was fast shut-in but only if the well was shut-in long snough for the pressure in the reservoir o
approach equilibrium pressure,

1. Injection of normal injectate ai normal rate is prefer rad.
2. Pleasa ¢ :ompaze data in your records to that in the cells above. I there is a difference, be su ¢ the correct
information is noted. Please fill in the information in the other calls.

3. Please submit an up-io-date well schematic

4. Data should be collected at the maximum rate for at least the first five minutes,; beiween f ve and thirty
minutes at no less than one reading every 20 seconds. Afier thirty minutes, the oparator car raduce frequency
as requirsd,

5. Submit a copy of the calibration cerificate for the gauge used for pressure measuremeants.
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